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diet ancJ feeding rates of 
Rhinoceros AW.Iets in Alaska 

1. Abstract 

Food brought to nestling Rhinoceros Auklcts 
(Cerorllinca mmwcemla) was sampled by applying tape or 
doth muzzles to the chicks and collecting the uninge5led 
food from the burrow daily. Limited data were abo 
gathered fi>r Tufted and Horned puffins (Fratrrcula cmlwta 
and F. conucu/ala). Auklet chicks received an averagt• of 
34.1 g oflimd per night at Middleton hland in 19i!l. and 
:~2.!l g per night at the Semidi Islands in I H79. Pacifk 
sandlance (Ammor(yles llexaptmts) made up the hulk of the 
diet at lxJth locations, and large. second-year or· older fhh 
predominated in the samples. In colllra't. Horned am. 
Tufted puffins took mostly small, fim·year fish during tlw 
same seasons. The quantit>· of ff:Hxf delivered pt·r night to 
Rhinocero~ Auklets increased wit.ll the agt~ of the chirk, and 
wind speed may have been an important t'mironnlt'ntal 
!;tctol' affecting feeding ratt,s. Proportions of first-n·ar and 
older sandlattce in the diet varied within and betwt•en 
sampling bouts, indicating spatial and temporal changt·s in 
prey availability. Parallel changes in feeding ratt·s wt•re also 
observed. The primary use of rliflnent agt' groups of 
sandlance by the three puffin species suggt•sts the agt· 
structure of the prey IJI>pulationmay differt·ntiall)' alfet·t 
breeding success. 

2. Rnum~ 

Nous avons cchantillomlt' Ia nourriture ap1x11·t(•e ;, 
de jeunes Alques il bet· cornu (Crrorlrinm 1/umort'l·ata) par 
!'application de muselit'res htiws cle ruhan adht'sif ou dt• 
tissu aux oisillons et par Ia collerte quotidit•nne dt's alimt•nts 
non ingeres se trouvant dans le terrier. Nous avons t'!(ale· 
ment reuni un t·ertain nombre de donnees !Jillll' ks 
Macareux huppes et les Macareux wrnus (Fmlt•rrula rinhata 
t>l F. cr.,?liculttla). Lesjeunes alques ont re<;u en moyenne 
:34,1 g de nourt·iture par nuit itl'tle Middleton en 1!171'1. et 
:12,8 g par nuit aux lies Semidi en I !17!1. L.t·lanwn clu . 
Pacifique (Ammod,vtes lwxaptm~•) comjJIJSt' le l(rt>S du rt'io(llllt' 
:rlimentaire aux deux end roils etles gms IJI'issons :lg6 
de deux ans ou plus dominent dans les erh:rntillons. En 
revanche, les Macareux huppes etles Macareux mrnus ont 
generalement capture de petits poissons d'un an all rours 
des m~mes annees. La quantite de nouniture li\'l'ee rhaque 
nuit aux jeunes alques augmente en fonrtion de l'fige du 
juvenile.'l.a velocite du vent peut avoir etc un fitcte.ur 
environnemental important mfluant sur le~ taux d alnnenta· 
tion. Les proportions de lam;ons ages d'un an et plus dam le 
regime varient d'une pel'iode d'echantillonnage ill'autre et 
dans une n.eme periode, ce qui temoigne des variations 
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spatio-tellljJIJrelles de Ia cli'I:H>nihilitt' des pmi~~'· 1'o: '·'"' '•h,t·t. · 
Vons egalement llllt' t'VO[Uiion parallt·J~ <fe, 1;\UX cJ'.t!illlt'!lla· 
tion. Les principal..' utilbatiom dt·s di>t·rs )(roupt·s d'[t)(t' ck 
lan~·on par It'' tmis espl'tt·s de macan·ux dcmtl<'!ll ,., pt'tN'I 
que Ia structun~ d';ige dt•s proie' l"~ut ditlnt·mnwlll inllun 
sur Ia rcmsite de Ia rt·lmwlunion. · 

3. lntnxluttlon 

Recent studies on the· hn·edtit~ hitol"~' olpnilin' 
havt• gt·ner;llt•d ronsidet ahlr: in fonnallnll "" J, ""I' a11d 
ft•t•dillg nolog\· durinjl; tht• rl11< k pt·ric•l. 'llw :\tlanli< 
l'uffin If mtrrmla rm/lm, i• "'I"'' tall. well known 111 this 
respcrt tl't'<trson l'ltil<. :\t•llbhip l'li~. (:orkhill l~ti:l. 
Harris I !li r'. II udson 19i\l. <\ slu 1 olt I 1 17~11. wht'ITots tlmT 
i'o:orth l'adlir 'l><'<'it''· i111 hulin~ lht· Rhinocnos :\ukli'l 
( (;amh mnt mmwrrmta I I St' • ITI I ~ II:"• I. h.11 ,. ll't ei \ ed rom· 
paratin·h little allt'lllion. fnformatioll is ,J>,;il<~hlt·li•r Rhi
ll<>t't'I'OS Anldels a11d l'nllt'd l'nlli11s tFmt•·•mla rmhat</1.11 
wlollit•s ill Washington 1< ·,"h 197:1. I.e" htwr l~lili. \\'tlson 
l'l7il and Hrithh ( :ohnnhia c\'nmt·t·r .I •t7U: \'nnlt't't •'I 11/. 
l~li!l: Vnmt•t·r ,md \\'t·strht·nll. rhi• \olume: Siillllllt'l' and 
llrcnt l!li~ll. lnf(Jmt.lrion ior :\!,"ka. when·l,nge 111111<1~·•'. 
of .til thn·t· srx·ctt'' hn·t·cl. has onh· n·< t•ntl> IJ<~tolllt' .naclahle 
(.\miirall~lii. Wdtle I'IHni. 

Rt.~~u th s ', f ! !~\·e.'-'1 (Lt.ff if Ill"' • m 1 HJ ff ir I" 'liJ '1-M u-t 111 n•t' 
gt'ttt'ntl n Jlldmiom: rl l I ht· I< n ~~ ddi1 nn Ito< lm k' """''" 
indudt•s wrv lt-w Sf>t'<it·, of prn ,,, .nll one plat t' <Hiflltnw: 
(:!l nt•5rlin!o( dit·t~ < onunonh exhil,it .nJilu,tl. ).;t'o)(raphic. ;uul 
~a~onal variation. whirh plt'MIIIlahh rt·flt," than~<'' 111 the.· 
a\'ailahilitv t>IJkllt·utial prl'v: t:ll 'li' h variariou.tl'lt~t,s < hi• k 
growth awl s11nival, a11d tht'rc·fnn·n·pn•lurtin· suu <''·'· 

This paf>t'r is hast·cl "" f••Kf s;HIIflle• rollt·<lt·cltn 
19i~ and 19i9 at two wlonit•s of the Rhine" t'l'm Auklt•t iu 
Alaska. The main ohjt•rtin·s art· t lito t•xamim· \ ari;tllou in 
the ncMiill!( diet of tliis sf>t'lit·s .• tlnnio( with '"f>plt·rm·nt.tl 
intimmttinn fill· the Tllht·d Purli11 ;11ulllonll'd l'uflin 
(Fmtnntla mmrrulata): (~)to itlt•llrih I;K·tnr" rhar .tl·ft'< 1 
ft>erfing ralt•s in iht• RhinfM.'t'ros Auklt•r.: and t:l) to'"!-!!!'''' 
!ltllllt: fXl~sihle l'ffi:rts of pn·~ IJI>Illilillion stnu tun· on rht· 
hn~ding t'cology of puffim. 
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4. 

The two sntdy sites are about 700 km apart in the 
centrdl and western Gulf of Alaska. Middleton Island lies in 
the path of the Alaska Current (Favorite et al. 1976), 90 km 
from the Ala$ka mainland and 20 km from the edge of the 
continental shelf (Fig. I). The island measures about 1.5 by 
S L:.m and is used hr sel•en species of breeding seabirds 
tot<tlling t~round 17 5 000 individuals. In I H78, Rhinoceros 
.. -\ukk·.ts occurred in f(mr well isolated sulx:olonies totalling 
smm• 1800 birds. An estimated 3000-5000 Tufted Puffins 
nested at.low density around much of the perimeter of 
the island. Fo<xl samples of both species were collected at 
sc•1eral points around the island. No Horned Puffins breed 
on ~liddlcton hland. 

Tlw Semidi Islands include nine islands and numcr
om smaller islets and rocks 80 km south of the Alaska 
Peninsula nmr lougitudc 156° W. The edge of the con
tinental shelf lies some HO kmto the south. Colle(:tively, 
these islands sup1x•rt the largest breeding aggregation of 
marine birds in the ( ;ulf of Alaska (2.'1million birds of 20 
spedes). although Rhinoceros Auklets are relatively un
mmmon (Sow Is f'/ a/. 197H). They are known to breed only 
on ( :110wiet Island where thev number alxmt 800 birds. 

• 

Tufted Puffins ( 100 000) and Horned Puffins (375 000) nest 
on all islands in tht· group. Food samples of these species 

. were cilllected primarily at Kateekuk Island, 2 krn to the 
northwest of< :lwwiet, and at Suklik Island, 3 km to the cast. 

5. Methods 
• 

.">.I. Field t(•dmique 

F()o<l san•pl<>s wt·n.· obtained pl'imarilr by applying a 
muule to tlterltirk to pn.•vent it from swallowing any of the 
fiJ<xl dclin·red hv its parerm. and rollecting the accumu
lated ((,od from the floor of the nest chamber daily. At 
:\liddleton I.sland. lihre-reinfiH·t·ed packaging tape was 
f(,Jded and tied in a hamess around the bill and back of the 
head (Baird and Moe 197!!). Boot-shaped cloth hoods were 
ust·d ro con•r the entire head at the Semidi Islands. Tht·ee 
sizes IH'rt• sewn to lit chicks of various ages. A draw string of 
varn around the ic)wer margin, tied at the nape, prevented 
the hood from slipping off. Hoods were preferable to tape 

. because they caused less stress and, unlike tape. were never 
rt•moved hv the chicks. The procedurt• was also more 
efficient because hoods were reusable and simpler to apply. 
I reler to hwld samples collec:ted bv this method as "burrow-, 
loads": samples collected directly from adults (e.g. Nettle· 
ship 19i2. Corkhill 197:~) I call "bill-loads." 
· · Collections were made in hmr sampling periods 6-i 
days_ apart at Midd~cton Is_land (I~ .July- 16 August 1978), . 
and m !ln-ee samphng penods I 0-13 days apart at the 
Semidi Islands (18July- II ~ugust 1979). A sampling 
peruKI compnsed two successtve nights, i.e. each chick wore 
.a muzzle f(>r 36-48 h, hut samples were collected each 
morning. Because Rhinoceros Anklets visited their nests 
onl~· at night, each s~mple represents the quantity of food 
ddl\·ered to." cluck m a ~4-h pe.riod. Chicks were weighed at 

. the outset ol each samplmg penod and after each interval of 
lasting. Their ages were estimated from wing measure
ments on the lim visit with reference to data for known-age 
c~icks(Leschner 1976). 

T~e ~•_ethod I have described had only limited 
success wnh I ufted and Horned puffins. Samples obtained 

IOi 

from these species were supplemented with bill-loads or 
specimens of prey found on the ground near burrow 
entrances, but the total of material available for comparison 
with the auklets is minimal. 

5.2. Laboratory technique 

Food samples were preserved in 10% Formalin for 
latet· sorting and tdentification of species in the laboratory. 
Except as noted below, identifications were made by the 
author. Fish lengths were measured to the nearest milli
metre from the snout to the tip of the tail. Age-classes of 
sandlance (Ammodytes lwxapterus) were assigned by inspection 
of the distribution of lengths in my sample and distributions 
for known-age fish (Blackburn 1979; Dick and Warner, in 
press). !'reserved burrow-loads were air dried for 2-3 min 
and weighed with a triple beam balance accurate to 0.1 g. 

5.3. Statistical analysis 

Most of the statistical analysis was a~:complished using 
the SI'SS package of computer programs (Nie et at. 1975), 
I used the arcsine transformation on percentages and an 
additional transformation (Y--+ Y2) on two variables (pro
portion ofsandlance per burrow-load and relative propor· 
tion of second-year or older sandlance) to yield distributions 
with nonsignificant skewness and kurtosis. 
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8. Raultl 

6. 1. Breeding phenology 

Since the food available to seabirds varies seasonally 
and annually, it is useful to note differences in the timing of 
breeding among th~ three p,uffins. Rhinoceros Auklets 
probably breed earhest wherever these species occ:ur 
together (Fig. 2; see also Vermeer el al. 1979). At Middleton 
Island their hatched about 2 weeks earlier than those 
of Tufted and at the Semidi Islands, about 3 weeks 
earlier. Horned Puffins, in turn, hatched I week later rlmn 
Tufted Puffins at the Semidis. Breeding schedules were 
earlier at Middleton Island in 1978 than at the Semidis in· 
1979, about I week for Rhinoceros Auklets and 2 weeks f(Jr 
Tufted Puffins. 

The fledging periods of Rhinoceros Auklets, Tufted 
Puffins, and Horned Puffins average 51, 4 7, and 40 days. 
respectively (Vermeer and Cullen 1979, Wehle 1980). Tile 
mean age of Rhinoceros Auklet nestlings from which !iJod 
samples were collected was :i3.1 days at Middleton Island 
(11 = 68, siJ = 11.0, range 3-54 days) and 211.1 davs at the 
Semidis (n = 82, sn = 10.7, range 13-52 davs). Tufted 
Puffins averaged 24.4 days old in the sample on Middleton 
Island (11 = W, su = 8. I, range I 0-33 days). Since only 
bill-loads were obtained from Tufied and Horned puffins at 
the Semidis, the ages of chicks in the sample ran onlv be 
approximated from sampling dates and the distribution of 
hatching (Fig. 2). The mean age of Tufted Puffins would 
have been in the mnge 30-35 days: the mean for Horned 
Puffms was probably 20-25 days. 
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6.2. Feeding rates • 

The distribution of burrow.load·~ize h>r Rhinou•rus 
Auklets did not differ signilirallllv frornrhe normal di~· 
triburion at either study iueu (Kolmognnl\'·Smimov test f<>r 
g<xxlness-of~lit, P > 0.05). Means <md ran!(c~s of lnad·s.iles. 
were similar at the tWO sites crahle I). Both weight. . 
averaged over all sampling peri<xls, was 270 K per •·hid, ill 
Middleton Island and 225 g pt•r chick at !he St•mlcli Islands. 
Thus, the rates of f<xxl int<tke Gill ht• exprn!l('(l as 12.ti'ii 
and 14.6% of body weight per clay at tlw two sites, rt·spc.·<· 
tively. M unled t'hil'ks lost weight at an an•ragc .mtt· ol X.li'ii ·. 
of bod~· weighr per day. . 

The feeding ofTutkd l'uftins was st'\'t'ft'h dis· 
rupted IJI' the same collet'! in!{ rcrhnique that aplx:<ut·clro 
work well wiih Rhincll'eros Auklers (J'ahlt· I, Appt·n<lixl. ~~~ · 
food was delivered to Tufted ·J'tif!in~ on O\'t'r twcHiurds nl 
davsmmp<tred with lfl'i(. and 11c; ofda\s, n:s)M.'IIin·h.l<or 
Rhinoceros Auklets at :\liddlt·ton Island and tht· Sunitli~. · 

6.:1. Nestlin!( dit·ts 

Rhinocerils i\uklelnt•stlinl{s .11 :\lidtlkton hla1ui 
were fed almmt entirelv l'arillr s,mdlann·. plus srnallqu.n•ll· 
ties of four other spt•l'it·s ol fish as well as squid and·~ t<>fll" 
(Fig.:{. Tahle 2). SandlaiKt' also IUild<· up tht· hnlk oil hi' . 
dil't attht• St·rnidi hlands I Fi!{. ·II, hut rapdin Ll/allolw · 
t•il/o\lt.l) made up 29"i lw Wl't!(ht in mid juh. derh11111~ 
tht·rl'aher (Fi!<(. :i). Citpl'lin Wt"IT larkin~: <II \luldlt·tllll · 
bland. and tht·re wt·n· no n• •tahlt· diilll!{t'~ i11 thl' n•tn)•"i· 
tion ofti1C' diet durin): the ''''"on .. ·\hlwu1-:h datil f<•1 'fulr'.'d 
and Horned puffins an·lilniu,cl. thl'\' su~):t·stlnarkt·d 
dillt'l't~nn•• ht•tWI't'llthe dit•ts oltht·st· spedt·' a1u.ltlrat of 
Rhin••·t·ms .-\uklt·ts (Fi~'· :J '""1·11. Tuhl'd !'utfin,, in 

• 

pattirular. had irnport.liJt pn·' otlwr than sa1uliaJII t', in-
dudin!{ <t•ph;doJ.KKis at ~liddlt•ton hla1id and \lallt·\t'JM<I
I<K'k (11u·rt:gm dw(!',gmmmal ar the St'lllldl,. Lan·alllatfr,h 
(III('<Utlcn~th :l:•mnll and a t'llJlh.nl'iid. ThNtlllll'\'" 'fm<~lno 
(mt•an len!{th :10 mml. <\tTurrt·d in st•n·Jal samplt·s at tin· 
Scmidis. Althou!{h tht'"l' itt•tns Wl'rt' lint qu,rnlll'otll\ t'f, iru
JK.ll'tant. it is ttotablt·that md1titn prt·\ \It'll' hrou~htto 
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chicks. Similarlv, one bill-load of a Horned Puffin consisted 
of 50 larval Osnterids, probably capelin, weighing less than 
4ginall. 

:"t."'\tling dirt11 of Rhinorcros Auklets and Tuhl'<l Punins at Middlewn 
hiatt<!. 26 .Juh - 16 August I YiH. Sample sizes are the numiJer of 
bu n·ow-kJa(l~ 

Rhinoceros 
Auk let 
(n •681 

Tufted 
Puffin 
(n•l61 

. .. 
% Numbers 3~.6 , I I -

%Weight 

Figure 4 

16.6 

3 I t.z 
' 

12.0 

Sand lance (1st year) 

Sand lance ("'2nd year) 

Other fish 
Cephalopods 

:\e'ltliog dit·h ol Rhilll>ff'HJ'i Auklt·ts. Tuftl·d Puflins, and llorncd Puflins 
~11 the· Semidi L'\land"' lX Jul~·- II August 19i9. Samples are burrow-loads 
f, 1r Rhitto<·(·,-· ,_, .'\ tt klt·t_s. l~i!l·l~,,ads f<n _1-Inrnl'd Pullins, and IXKJied male rial 
from \-artcHO::. ~ 'IIH'S for lulted Puffm-; 

%Numbers 

% Weight· 

109 

Rhinoceros 
Auk let 

(n• 821 

2.3 o.~ 
IM 

59.8 

2.7 0.6 2.7 

Tufted 
Puffin 

• 

(n•919) 

Flpre 5 
Temporal changes in the diet of Rhinocerm AukletJ at the Semidi Islands 
in 1979. Samples are the number of burrow-loads 

37,9 

18-20 July 
(n •22) 

28·:">0 July 
(n • 341 
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Two distinct size-classes of sand lance were present in 
the food samples (Figs. 6 and 7), and their relative im· 
portance differed markedly between specie~ and between 
study areas (Figs. 3 and 4). According to Blackburn ( Hl79), 
the smaller fish (first-year) would have hatched within the 
current year, probablr in .January or February, whereas 
most of the larger fish (second-year) were hatched a year 
earlier. The two largest fish ( 150-170 mm) collected at 
Middleton Island were probably 3-5 years old, and this 
group seemed well represented at the Semidis. · 

Measurable growth occurred in the youngest sand· 
lance durin~ the sampling period at each site (Figs. 6 and 7). 
The rate of mcrease in mean body length was estimated by 
linear regression to be 18.7 mm per month m Middleton 
Island and 21.0 mm per month at the Semidis (P < 0.00 I 
for both regressions, r = 0.554 and 0.768, rt!spectively). 
These rates did not differ significantly, as shown by an 
analysis of covariance (P = 0.225). When age-classes are 
compared between the two sites, however, differences in 
overall mean length are evident in first-year and older fish 
alike (Fig. 8). 

6.4. Analysis ofvariation in feeding rare.s • 

6.4.1. Netrrol{t'TII'ily o{'/omi-Jizt•.\- There was murh variation 
in the weight of burrow-loads rollertt•d on a gil'l'll night and 
in mean load weights on diflet·eruniJ.thts (Fig. \1). :\nested 
analysis of variance, with rotTt•ctiom ffn· unequal sarnplt· 
sizes on different nights (Sokal and Rohlf I !lll I: 2\1.'{). 
indiratcd that H0-1101)!, of the variation in load-sitl's or
currcd within nights. but alllllll ~07. !MTurred ht·twt·en 
nights (fable :i). No additional mmporwnt of \'arian~t· 
betwel'n sampling periods was ffmnd to an:ount fin· varia
tion between nights. However, lX'riHtst• a st·asonal irKn·ast· 
in feeding rates <Kcurred (sec lx·low). signifkant variation 
between periods would be evident had mort· sampling 
periods been included . 

6.4.2. Facl!m affi•ctill!({i'l'lling mit'.\- A numbt•r of fit_rtors 
might contribure to variation in fl>eding ratt•s, indudmlo(: . 
(I) the age of the chkk; (2) anmml and seasonal rhan~t·s nr 
lt>eKI availability; and (:I) t•rwironnwntal ,:ariahles sll!'h '" 
wind or tides. · l'he prevalcnn· of sandlann· in tlw dit·l <of 

Table 2 

Rhimx·eros Auklets mggests the fllrrlJllr.<itiun ul smnplt·s i!· 
usefully dmractcnled In· the propot1inn of smitllann~ 11("1' . 
load and the relati\'e proJll>rtions of tilt' 11w •itt•-dam·s . 
Sinn~ pre~- other than ~uulliii1H' wc·rr :otc:cnu· ut holh :o-otuth · 
ar·t•as. and marw loads attlw St·midi' nmt.rim·d.onh st•rtlnd
\'t~ar or older fhh. skt•wness in tht• distrihutions oJ tht'''' 
' variables was not diminatt·d 1.>1 translorm;llion. lr·J<t hult•tl. 
I herd I >I'!'. sarnplt~ ronsi't ing t•ntin·h ol -.mdlanrt· or 
entirelv of St"l:ond-n·ar li~h from the lollowm~ wrn·IOtilun 
analvsis. 

' Sirnplt· 1 orrdation rot·Hkit·nh h•t•n·t·n hunow"load· 
silt' and Sl'l't•ral oltllt" ;thon· •·ariahlt·s imli< aft· I hat ru 1111' of 
the rt"lationship' is pal'lirularh· st ronJ,: ll';rhlt· I I :'-lmt .ut• 
statistiralh· 'i~nifkatrt. howen-r. and I \\'ould <'XII('< r f,u tor' 
raw;in!( ft•t•din~ r;ltes to •·an I >I "•-l~~'i to h.tll' hrololo(ll af· 
SIJ.eniti(ttfln· as wdl. ·1 ~thit• ·lal-..n rt'H'il_l.., "-i~nili1 ,lflt 1 orn·l.!· 
tiom ;mronJ.t indt'l>e"nr.knt •ariahft·, "hit h "•uld 1.-..d to 
spurious r<HH lusiom alx>lll tlu-rr indi1 idnal dk.-t• on hul
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l!>od <llililahilillran ht· inft-rrl'd. · 

The pntport ion of '""'liar 11 .- pn in.u I '""Ill,.. 
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6 
Length frequenq distributions of Pacific sand lance in the diet of Rhi· · 
tu><wos Auklet nestlings, Middleton Island, 1978. Fish in the stippled area 
were assigned to the !irst·yrar age-dass; !ish in the unshaded area were 
romidered second·\'car Or older • 
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other variables (load-size, sampling date, and percent total 
sand lance) were controlled. Thus, a tendency for parents of 
older chicks to deliver larger fish selectively appears to be 
real. 

6.4.3. Heterogeneity in species and age composition of lrnrrow· 
loads- Since load-size was correlated with species composi
tion and the proportional amounts of first-year and older 
sandlance, I examined variability in these characteristics in 
relation to samples collected on the same night, on suc
cessive nights, and in different sampling periods. Chi
square tests for heterogeneity of species composition within 
nights are limited. to three nights at the Semidi Islands when 
substantial numbers of prey other than sandlance (mostly 
capelin) appeared in the samples. When capelin were 
available, they did not occur uniformly in all samples, but 
tended to show up disproportionately in a few (Table 6). 
Similarly, loads tended to consist of one age-class of sand
lam:e or the other on nights when both classes were well 
represented (Tablt> 7). One group or the other was largely 
absent on a few nights (dates excluded from the analysis). 

Because both aspects ofload composition varied 
significantly within nights, I used the non parametric 
Kruskal-Wallis analysis of variance to test the significance of 
variation between nights and between sampling periods. 
Species composition (Tabl '6) was expressed as the percen
tage (by weight) of sandlance in each sample and age 
composition (Table 7) as the proportion'of second-year or 
older sandlance. Again, there was significant heterogeneity 
in these t:haracteristics between samples collected on sue-

. cessive nights and among samples collected during differem 
stages of the season. The percentage of tests in which the 

Figure 8 
c:omparison of length fre4ucncies of Pacific sand lance in food samples 
fmm Middleton Island, 11178. and the Somidi Island•. Hl7\l. Fi•h in the 
stippled area Wt"re assigned to the first-yca1· age-class: fish in the unshadcd 
area were considered second-year or older 
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null hypothesis is rejected is less than for samples collected 
on the same night, just as most variation in load-sizes 
occurred within nights (Table 3). 

6.4.4. Influence of weather 011 feeding rate.!- One additional 
factor that may influence feeding rates is wind and a:~.,oci· 
ated sea conditions. Fortuitously, e;tch sampling period al. 
the Semidi Islands included one windy and one calm night 
(Fig. 9b). On windy nights, wind velodty varied betwern 
about 20 and 50 km/h. For t.his analysis I treated wind as a 
nonmetric variable wilh two categories, windy or r;tlm. I 
used an analysis of covariance to control f{Jr the inrrease in 
feeding rate as chicks aged. Results indicated that wincl 
reduced mean load-size by about II g overall, a highly 
significant effect (Table 8). 

My record of weather at Middleton Island is in
complete, but wind speeds varied little, prohablv averaging 
between 10 and 20 km/h each night. Neverthelt~ss, then~ 
was as much variation in meanload-silrl between nights 
on Middleton as at the Semidis (Fig. 9, Table :l>. so the 
influence of wind speed on feeding rates remains unrcnain. 

7. Diacunion 

7.1. Feeding rates: means and variability 

Studies of Rhinoceros Auklets in Washington 
(Richardson I U61, Cody I U7:i, Lese hun I \Jill, Wilson I !177) 
and British Columbia (Vermeer t•lal. I !179) fimnd mean 
bill-load weights in the range 29-37 g. though Ll'srhnt•r 
observed a mean of Hl g in I of 2 vears. The average 
burrow-loads observed in mv studv are dose ro what onl' 
would expect if chicks were i'ed hy.one adult earh night. 
Whether this was so or whether lwo adults brought smaller 
than usual bill-loads is not known. Thirty-thret' nf ll!'l 
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The quantity of food delivered daily increased with 
the age of the nestling. Harris ( 1978) and Ashcroft ( 1979) 
showed that the rate of food consumption in Atlantic 
Puflins incr.-ased with age w a point, then declined during 
the last 2 weeks of the nes!ling period, No such pattern is 
evident in mv data lor Rhinoceros Auklets, but older 
n.-stlin~o~S rna\· have been inadequately sampled. I assumed 
the relationship to he linear. 

Additional variation in feeding rates presumably 
reflected changes in prey availability. Variation occurred 
lx>th within and between nights, as did changes in the 
rdative amount and sizt• distribution of sandlancc in the 
samples. Mv intt>rpretation is that mm•ernents of this prey 
species. particularly the older individuals. largely de
tC"nnined tht• f(H·aging success of Rhinoceros Auklets. When 
second-vear and older sand lance became temporarily un
av:.iilaJ~le. tht· birds apparently were unable to cotnpensatc 
lw mitching to alternate prey. 

7.::!. · Inkrt·nces about the population biolog-y of sandia nee 

Rt•mgnizing that burrow-loads probably consisted of 
one or two hill-loads. I believe that strong heterogeneity in 
the wmposition of sam pi• ··within nights simply resulted 
from small-seal<' p;ttchiness in the distribution of prey. Birds 
pr<",hahll' encoutlten•d fish in f;tirly unif(mn shoals. Presum
ablY, hoiH'I'er. Yariationlx.·tweennights and betwet·n sam-

·. piing periods rt•stllted from more pervasiw temporal shifts 
in pre~· al'ailability. · 

Carcfulll' interpreted, the correlations shown in 
Tahlt·s 4 and ;, indicate age-specific pattt'ntS of movement 
and a1·ailahilit1 in sand lance. An increase in the proportion 
oi large sandlann• in the dit>t could mme alxmt in three 
wavs. First. an imn•a.se in the ahsolutc al'ailability of large 

·>';mdlanrt• would innea't' load-size, total sandlancc per load, 
and the rdati1 e proJxH'tion of large sandlance. Second, a 
dcrrmst' in the al'ailahilit 1 of small sandia nrc would increase 
tht• proportion oflargc fish. but total sand lance and load
size would deneast'. · rhird. compensatory shifts c!lllld occur 
such that total biomass of sandl<nKc remains the same but 

Tabl~ 7 
I krt·r c 'gt·m·it' 1 ,f Rhi 111 K. c:n '' A uklet foe Kl sam pk·s with l't'SJlel't to the 
proportiou~ ol 'mil II ;md largt· silt'·dasst•s o( sandi;U.Jrt' 
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Between nights (within period>) 
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Flgure9 
Variation in the weight of burrow-loads of Rhinocero!l Auklet5: 
(a) Middleton Island, 1978; and (h)_Sernidi Islands, 1979, showing 
a!I!Ociated weather conditions 
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the relative abundance of large fish increases. In that 
situation,load-size and total sandlance would remain nm
stant as the proponion of large fish increased. The results in 
Table 5 are consistent only with the first of these alterna· 
tives. The observed correlations apparently resulted from 
changes in the availability of second-year and older s;mcl
lance. Either the availability of first-year fish did not vary 
appreciably, or this variation exerted little influence 1in 
foraging success. 

ihere was little difference between growl h rates of 
first-year sandlance at Middleton Island and the Semidis. 
Furthermore, although sampling occurred !i days earlier at 
the Semidis, that cannot account filr the difference in size of 
tirst-vear fish at the two study sites (Fig. 8). Theref<Jre a 

' difference in spawning time is the most likely explanation. 
The difference in the breeding pht'llology of puffins at the 
two sites paralleled this apparent difference in the phenol
ogy of their principal prey, 

Judging from their greater abundance in f(xlC( sam
ples, second-year and older sandlance were more available 
at the Semidi Islands than at Middleton. I would expert this 
to affect the foraging success of Rhinoreros Auklets, n·t 
feeding rates were similar at the two sites. · l'hl· conclusions 
possible from a geographical cornpariwn. howen•r, are 
limited on this point. A longitudinal study at ont• site would 
he bellcr because the ratio of age-classes in fix).-1 sampll·s 
provides no inf(mnation about their absolute ahvndanre. 
and we do not know the areas over whirh populations of 
sand lance are relatively clisrretc. The dl'llwgraph~· of sand
lance is probably well representcd, however, hv sampling at 
one kKality through time. 

7.3. Differentiation of fool habits among puffins 

A saliem result of this study b the dq~rt't' to whirh 
RhimKcros Auklcts diverged from the othl·r speril·s in 
exploiting mainly older age classes of sandlann•. Prestttttahh 
this relates to the depth or distann~ from tht• colom at whirh 
the spedes teed, or to their differing dailv al'livitv sdwdult-s . 
(Rhimx-eros Attklets deliver tixJd !n tht' yottng onlv at night, 
when the distribution of sandlanre mav bl· dirti.·n·nt than in 

' 
dayli~ht.) The populations of manv pelagic !ish are char-
actertzed by having relatively strong and .wl·ak vear-dassl's 
resulting from large annualtltKtuattons m t'l'pnxlurUH' 
success (May 1974. Ricker I 975). Sandlann·. at least in tht• 
North Sea, are no exception (~larl l9i4). Wlwtlwr the 
age-structure of prey populatt~.ms dttlerenualh atit•rts till' 
~Jreeding performance '!f P,ulltn spenes would Ill' n.ltt·.tnt· 
mg to explore. My data tndtGIIe that such an t'lll•t·t ts hkl·h, 
but the proper study of this plu:notnt•non l'l'~Jlttl'l'S sl'l'l'ral 
years' observations on f(KXI halllls and hn•eclmg smn•ss at 
mixed colonies. I expect the eflel'llo be most evidl•ntwh~·rl' 
puffins exploit few species of prey, as appears to be trUl' m 
the Gulf of Alaska. 

Compo~ition of t!le \'ilti~tio~ in ~,~~ight of btnT•~w·loouh t'X plaint•d h~· wind 
•peed and age olthe duck, Senudo hlaud•. I \17 .I 

Source of variation 
% oftocal 
variation I' -

Additive effecl• of rhick-age and wind 
(i) Wind, adjusted for r·hick-agc 

21.5 11.1~1( 

(II) Chick-age, adju•wd l<>r wind 
Interaction 

H.H 
I o .. •·' 
2.H 

75. "! 

ll.lll ~ 
!UK II 
o.m1:1 

8. Acknowledgemenu 

The work on Middletonlsl;md was st1pportt'd hv thl· 
Bureau of Land Management through intera~ott•nn agn•r· 
men! with the National <keanir <utd Atmospheric t\druinis· 
tmlion, under whkh a multi-H·at· pmgrarn resJHmdin~ot to 
m~ech of petroleum developnu~nt of the Alaskan mntim·nfitl 
sht'lf i~ managl'd hv tin· Outer C.mtinl"nl<tl Slwlt I' nvin•n· 
mental Assessment Program I()( :sEA l'l < lflin·. J mu-au. ·I 
thank 'J'homa.~ Pearson for lidd a"ist;mn· on Mi1ldlt·ton 
Island and my wilt-, Martha llatd1. lor ht'lping ;,ttlw 
Scntidi~. Milrtha Wilt~v ami Rt·na Wl'nkart 'Ortt'd thl' food 
sam pit's wlll'<tcd on Middleton hlaml. ( :l'phalop,~f, wen· 
identified hv Chris Buhlit;; William ( :olgatt· id.-ruifi,·d tl11· 
euphausiirk The nwnu,ntptlwnefilt·d from tlw n·l'it·"·' "' 
(~t·rald Sangt·r. ();!\·id :\inlt·l. Rohnt Fmm·"· Spt·tu e1 
Scilh. Cithin lxn.-ink. ami lHHJt' 1\r'"'" '"' .· 

9. Literature cited . . 
• 

Amaral, M'.J. J 97i. :\ < 1 •Ull ),If ,tt I'· t' ! ''' ,[, 'I.;' ' ·I r h~· I 1 tfU·f I .111• I II· ·r llt·t I 
putlir: i::lht• HolltTII hl.ttHh .. \l.,,k,t \I.., l h.~ ... h i fll\ nl W.r-.hllo\.:~Wt 
St·;rttlt·. 9~ pp. . 

Allhcroft, R.E. 1979. ~UI \1\,;l r .ttt·~ .IHd b· ndllli( htPJ.,,~, r ,, P'jfllll"' !'Ill 

Slo.orllt'l' I 'II <Ind. W .rlt·~. ( lttll' "'- .trH I I 0 I 011. I l o • • 

Baird. P.t\.: Mor, R.A. 197M. 1 ht· l.rr·nln:l! ,,,,]1,~\ ,,,d lt'i'dlll~ n~tiHL(\ ()I 
lllOITiiH' J.H"t\\lll \lu: "\itl..,·thd.ll., "\!J,II! dlt',l, h.Pdl.l~ l•.i.wd 1'1";'-;' l'.l~t·, 
:\I:\ .. :-,'.!~l tr• Fti\ ltfll!ftlt'ftt.tl.t'"4'"'111f'flf '•I' rtw. \Ls .. L.tfl', •ttiiiWJJto~l .. twit 
,\f\11 Kl'p.\'n]·~ '{)_\.\BI\1 \1,,~.\-.a(Jutcr(onl 'iwltln\11~<11 ,,,,.,., 
IJroj.(f'otlll Hnulr.h-r. ( ,uln. '1!1~ pp · · 

Blarkbum.J.E. 1979.1'd,t>:Jt .ttHirkr!n·t ... tl !i'h .• ~,, ..... ,.twt1t 111 ''"''''"~"~ 
(:llftk fnkt t''l\f,IT'\ "'"11'111 1'.10.:1'" ~'(~) 14111!•1) 11\!!tlllllll'fll.!l.f\\f'"llll lllt•l 
!lw :\J.t,k.u! IOIITIIa·nt.tl ~lu·ll. \nn l{q• ·\·1,1 ~ ''I\\ HI \I \L, .. l,l. 
()cJtt•r(:,,nl. Shdl t'''''''ll \ .... ,;· .. , l't••~.::t.un Bt•ul•ft·r.( ;•11 ' t,J,;:l"l' 

C.ody, M.L 1973. ( ~. ~-, f'of('JJ( , •. I t 1('\ "'"!If •:t' .!lid \ I /I' H:l)otl ., 1( ('\' ,, u f II >II Ill ' 

't'•thmltttlllllttltllllt'' ~,.,,],,~, 'd :~1 ·II 

CorkhHI, P. 1973. ~·ootl,,wLI<Tthn)o:. t·t PIH\{\. Plpnllin' l1n•l '-~1111h 
:.!O::!Oi -~:!0. 

Dirk, M.H.: Wanlrr,I.M. In pn"~!ll. l'.u1llt \ctltdLIIH <' •. \m"l• .. l\f,·: J,, \:.plt''l~.· 
Pall;u, iu ttw Kt.t~:hala~l.u.•d L(.tnnp, \l.t,L:..t. loi,H·~t"' 

Favoritr, F.: Dodimrad, A.J.: Na.•u, K. 19i6. ( lu·.tiiP).'I.lJI!ll. H! dw 
~uhanlit l'.uifit Rn:;tt•IL l~lliH l1f71 l111 \o l'.u •"h (.nnm.l l\ull 
So. T\ t\t•nk~u~ka Pnruin:.; Ct•, I pln• 1.~7 pp. . . 

Harrl81 M.P. 197H. Supplt·nu·nt<~l ~ hTthu)( ''' \PIIIIL(. pull in" I '"'m .,t,j 
mdlul.J ..\11JIIl. b.tll. ·li: 1:·, ~~i 

Hart, P.J.B. 1974. l"ht· di,tnhunnll .md Inn~ ~e·nn t h.m~o:t"'in ,ahuud,ttu.'(· 

of Ia! \·al Ammt~thln ''Jt/1'/lltf.\ 1 R.tlllllll ~lw \t•rth "'·' i'.tl,!l'' J'; I I~~ m · 
1\l.tXIn.JII.S. t•d. l'ht·t•onl' hi(• hi~tol\ nlli-.;h 'P'IIl~t·t·\'t'lbJ:. l\ni'111. 
N.Y. iflf, pp. 

Hud10n. P.j. 1919. I ht· p.uc·m .. dut k h't'd!l:' a•l.tlton,lupollht·pullm. 
Fwtr,.rulllmtill'fl. J. Amrn. ~~''' ·l:\·.<ot~~~ .. M1.1M · 

' . 

l.eK'hnrr,l-L. 1976. l'iat• hn·c·din~t h1nln"' 11f lht· RlliiUII.C'''"' ,\,~kif'! ~)JI 
Dt•!ltnu·tion hlo111d. \t.S. I ht•~~or~. {'ill" of \\';Jdtm~h•H '-··f11k 77 pp 

MIVt R.C. 1974. IAII'\'OllltH)IIollll\ ;fl 111.1tllll' n .. t .... , .tlullllt' { 11lll !,,, ... ,I! >II 
rc 1t;rt'pt. PaRt"':\·- t~• m 1\l.t,lt·r:.J li.S. t"tt.- lltl' ~·i.irl~· l1fr: lu,!c1n ~,f li~~oh 
Sjll'in~N· \' Nlotg. Br·rlm, 'li \' . 71i'• pp . · 

Nftdfthi~»t D.N. 1972. 1\rrt"<lin~ 'lit tl'!'l!t ( •I tht· C ·' m11111 m l'ul fih t!' ml'.'f tl/11 

arrtU'tl 1..) on chflrn•fll hoJbir.ll~ til ( ;u·ar hl.unl. ~t·\ll:foumllomd. h ol 
Monogt. 42:~:\9-!?IJt>'. 

Nie, N.H.; Huii,C .. H.;Jftlklna.j.G.; StdniMtnncr, It; ~·K. .D. H. ~!;5· · 
suuislkal parluiJ(t' for thr ~JCi.:tl ~ .. ~f.U't'!t Md ~raw·~ I all. l\;t•w } fJtk' hI. 7 PP· 

114 



-

Peanon, T.H- 1968. The feeding biology of seabird species breeding on 
the Farne Islands, Northumberland . .J. Anim. Ecol. 37:521-552. 

Richanlson, F. 1961. Breeding biology of the Rhinoceros Auklet on 
Prnte<tion lsl:md. 1\'ashinwon. Condor o:l:456-473. 

Ricker, W.E. 1975. Computation and iult:rptetation of biological statistics 
ot tish (Xlpulations. Fish. Res. Board (:an. Bull. 191. 382 pp. 

Sokal, R.R.; Rohlf, F.J. 1981. Biometry. 2nd cd. W.H. Freeman and Co. 
San FrandS<·o and London. 8.~1.;) pp. 

Sow Is •. ~.L; Hatch, S.A.; Lensink, C.J. 1978. Catalog of Alaskan seabird 
wlonie., l' .S. lkp. lntrr. Fish and \\'ihll. Sen. FWSIOIIS-7H17H. 

Store-r, R.W. 1945. Stnall uralmodilk;~tions in the hind limb of the 
:\kicl<tt·. I hili x7:·tn-~l5fi. 

Summers. K.R.; Dre-nl, R.H. 1979. Brn·diug biology and twinning 
t'XJK'rinltlll!'i c1l Kllii!CK'l'l'll'l Aulo;.lets £1tl (;leland Islancl, Britislt (.:clltatniJia. 
~lunt'let 60:· 1')--:!~. 

Vt>rmeer, K. 1979. \'t;.,ti11g rt•quirt•ment"i. fi,ocl. :.nd brt•t•ding distrihuti£Hl 
'ol RhintK·c·ro-. Aul..lt·h. Ct•rorluwa mmwnmlfl, and Tuhed Puffins, Lumia 
nnlmtfl. :\rdt•a tl i: I It 1-·11 0. 

Vennee-r, K.i Cullen, L. 1979. ( ;rowth of RhiuonTos :\uklets and · l'uftcd 
P11ffim. Triangk· hlmtd, British Columbia. :\rdcit Hi:~!!-:!7. 

Venneer, K.; Cullen, L; Porter, M. 1979.:\ prm·isirmalexplanation oftlw 
lt'lHoduniH·Iiti!un~ ofTuht·d Putnus l.rmda r/nharu on TrianJ.;"Ic Island, 
B1 iti"h ( :olund1ia. ll,j., I~ l ;:\.IS--:{:,4. 

Vermeer, K.; Weslrheim,j. This volume. Fish rhau,.ws in diets of nestling 
Rhiwxt·ro, :\uldt·ts and tltt'ir implkatioiiS, 

\\'chic, D..H.S. 1980. Thl· hrt•t•din~ biolog\' oftht• puffins: Tuftt'd PuHin 
tl.•1111fn nnlmtal.ll•,mt·d l'ul'liu (Fm/l'lntitl mmiwlata}, <:ommon Puflin 
(F. tllf lfl '' ). and Rb iuon·ros A uldt·t (l :nmilinm TIUmon•mta ). Ph. D. Thc'iis. 
l-'ni· .. of :\Iaska, Fairhauk:-. :\I :s pp. 

WHson, U.W. 197?. A stud' ''' tht· biolol-{~· of tht· Rhinott.'l"os Auklet on 
l'rotl'nionlsland. Washington. M.S. Thesis. Univ. ofWashinJ.{toll, S<•attle. 
q,.; pp ' 

115 

10. Appendix 

Evaluat;,on of the collecting technique 

There were no obvious indications that the use of 
muzzles on nestling Rhinoceros Auklets interfered with 
normal food provisioning by their parents, but further 
studies should include direct observations on marked bur
rows as a control. The technique caused the loss or injury of 
some chicks at Middleton, but this was eliminated with the 
use of doth muzzles at the Semidis (Table 1). 

In contrast, the method had a dear and immediate 
effect on the parental behaviour of Tufted Puffins, 
although the reasons for this difference are not dear. Mean 
load-size was depressed, and in most cases feeding ceased 
altogether. The parents must. often have eaten the first 
bill-loads they brought after the chicks were muzzled, 
otherwise I would have found at least some food in most 
burrows. ~·eeding continued at undisturbed burrows on 
Middleton Island, and I 0 control chicks grew normally 
throughout the season. Nearly total mortality occurred 
among Tufted l'uflin chicks muzzled at the Semidi Islands, 
so the procedure was soon discontinued. Chicks that dis· 
appeared had apparently wandered out of their burrows. 
Although further trials with Horned Puffins are needed, it 
appeared that problems similar to those encountered in 
Tufted l'uffins can be expected. If the technique caused 
subtle changes of parental behaviour in Rhinoceros Auklets. 
this would not necessarily alter any of the conclusions I have 
drawn, beyond the estimation of overall feeding rates. 

-

-

.. 
•r·-"". ---•·- -----·-• --.-.. , ...... ,., •• , •• _ .. ,._ • .,.,_,, __ • .,-.. -• "• _. .... -- . ·---,...·--- -- .. - . -


